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Direct measurement of absorbed dose rate in air due to exposure from outdoor terrestrial g
radiation and assessment of consequent public health hazard continues to be of envi-
ronmental and public concern. Present study was aimed to establish a baseline data of
annual effective dose and to assess the associated health risk from outdoor terrestrial g
radiation along the river Alaknanda and Ganges of India. Terrestrial g radiation exposure
doses (excluding cosmic radiation) were measured using a Plastic Scintillation Counter.
Absorbed dose rates in air were measured at eight designated locations from Nandprayag
to Allahabad along the river. From the average absorbed dose rates, annual effective dose
(AED) and excess life time cancer risks (ELCR) were calculated by standard method. Results
showed that absorbed dose rates in air ranged between 81.33 ± 2.34 nSv.h1 and
144 ± 5.77 nSv.h1 and calculated AED ranged between 0.10 ± 0.012 mSv.y1 to
0.18 ± 0.007 mSv.y1 at the designated locations along these rivers. Calculated ELCR were
found in the range of 0.375  103 to 0.662  103. Present study measured the outdoor g
radiation levels along the rivers. The calculated annual effective doses and life time cancer
risk were found higher than the world average value at higher altitudes. But the measured
doses and calculated risks at plains were close to that of reported average values.
Copyright © 2014, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction
Exposure to ionizing radiation in the outdoor environment is
due to the terrestrial and extraterrestrial sources of radiation.
Terrestrial radiation comes from the radionuclides present in
the earth's crust (primordial radionuclides), soil, rocks, water
and air. Primary radionuclides predominantly found in rock; ELCR, Excess Life time
7 (mobile).
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iety of Radiation Sciencesand soil are 238U, 232Th and 40K. It is reported that contribution
of radon is not significant for outdoor radiation (Kavasi et al.,
2010). Excluding cosmic radiations from extraterrestrial
sources, major radiation along the river bank comes from the
nearby rocks at higher altitudes, river sediment and water
whereas in plain areas the key radiation sources are soil,
sediment and water. The levels of radioactive nuclides in rock
and soil vary with the geological locations. Therefore, it isCancer Risk.
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areas (Martin & Harbinson, 1972). In the past years, several
radiation surveys were carried out in many countries to
measure outdoor terrestrial g radiation doses (Brı´gido,
Caballero, Montalvan Estrada, Queipo Garcı´a, Sanchez, 1999;
Gabdo, Ramli, Sanusi, Saleh, & Garba, 2014; Kapdan, Taskin,
Kam, & Osmanlioglu, 2012; Morishima et al., 2000; Mustapha
et al., 2013; Nizam, Ginnah, Rahman, Kamal, & Chowdhury,
2013; Otansev, Karahan, Kam, Barut, & Taskin, 2012;
Pashazadeh, Aghajani, Nabipour, & Assadi, 2014; Saleh et al.,
2013; Shahbazi-Gahrouei, 2003). Many rivers in India and
other countries have been studied such as river Pannoiyar
(Ramasamy, Suresh, Meenakshisundaram, & Gajendran,
2009), Palar (Ramasamy, Murugesan, & Mullainathan,
2006),Cauvery (Murugesan, Mullainathan, Ramasamy, &
Meenakshisundaram, 2011; Ramasamy, Murugesan, &
Mullainathan, 2004), Kali, Sharavathi, Netravathi (Narayana,
Rajashekara, & Siddappa, 2007) and Godavari (Reddy, Reddy,
Reddy, & Reddy, 2014) in India and Chao Phraya river in
Thailand (Santawamaitre et al., 2011), Ribble Estuary in En-
gland (Punt, Tyler, Saleh, Bradley, & Copplestone, 2011) Ogun
river in Nigeria (Jibiri&Okeyode, 2012) and river Pearl in China
(Song, Chen, Tang, Zhang, & Xie, 2012).
In Indian situation, the activities like bathing, boating,
rafting, fishing, farming and various religious rituals are
usually performed at the bank or near the river. People live at
many places near the river bank. Therefore, measurement
and mapping of outdoor terrestrial exposure doses near the
rivers seem important for environmental and health reasons.
Generally, natural radionuclides present in parental rocks
leach out with the flow of river and rain water to the sediment
and water of the river. Radionuclides in soil, sediment andFig. 1 e The study area (a) River Ganges in India (b) Designated
Rudraprayag, D-Devprayag, E-Rishikesh, F-Haridwar, G-Kanpur
diagram of River Ganges and its tributaries Bhagirathi and Alakwater may not be uniformly distributed in river stretches and,
therefore, it is also important to study the spatial variations of
outdoor terrestrial radiation doses. Ganges river originated at
Gangotri glacier (Sharma,Meher,&Mishra, 2012) is the second
longest (2507 km) river of India having one of themost heavily
populated basin areas in the world with an average density of
520 persons/km2. Alaknanda river (length ~190 km) is the left
bank tributary of Ganges.
The main objective of this study was to measure the out-
door external radiation dose rates in air and calculate AED
received by the people near river banks at the upper and the
middle stretches of river Ganges and its tributary Alaknanda.
ELCR was calculated for each designated location by standard
method (Taskin et al., 2009). The values obtained were
compared with that of the world average as well as with the
other values reported in literature. To the best of our knowl-
edge, this is the first report of measurement of terrestrial
gamma radiation doses along Alaknanda and Ganges rivers. It
is intended that our results would form a baseline scientific
data of external terrestrial g radiation doses and an estimate
of radiation exposure to public along the banks of Ganges and
Alaknanda rivers.2. Material and methods
2.1. The area of investigation
Absorbed dose rates in air from terrestrial g radiation were
measured at eight designated locations along the Alaknanda
and Ganges rivers (Fig. 1). Three locations, namely, Nandap-
rayag, Karnprayag and Rudraprayag represent thesampling locations, A-Nandprayag, B-Karnprayag, C-
, H-Allahabad (image source Google earth) (c) Schematic
nanda with indicative sampling locations.
Table 1 e GPS locations of studied sites.
Code Location Latitude Longitude Altitude
A Nandprayag 30

19.930 N 79

18.970 E 876
B Karnprayag 30

15.790 N 79

12.990 E 728
C Rudraprayag 30

17.280 N 78

58.070 E 613
D Devprayag 30

08.730 N 78

35.860 E 468
E Rishikesh 29

57.190 N 78

08. 340 E 305
F Haridwar 29

55.860 N 78

08. 340 E 277
G Narora 28

12.610 N 78

23.080 E 166
H Allahabad 25

26.730 N 81

53.380 E 62
Fig. 2 e AED (mSv.y-1) at the different locations in
comparison to world average AED.
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 5 9 5e6 0 0 597downstream places along the river Alaknanda. At Devprayag,
Alaknanda meets Bhagirathi river and afterward the river is
known as Ganges. On the Ganges river four locations were
chosen for present studies, namely, Rishikesh, Haridwar,
Narora, and Allahabad. The GPS location of each site is given
in Table 1 along with the value of altitude.2.2. Dosimeter and dosimetry
Environmental outdoor dose rates were measured using a
plastic scintillation counter (Atomex-AT1121, Belarus). Mea-
surements were carried out approx. 1 m above the ground
near river bank at each of the locations in the month of
November, 2012. Eight measurements were done at each
location with 5 min interval and an average of these values
was used to calculate the effective dose. The maximum en-
ergy detection level of the dosimeter is 3 MeV.
The annual effective dose (AED) was calculated as
described elsewhere (Ajayi, 2009) using the conventional
outdoor occupancy factor and a value of 0.7 Sv.Gy1 to convert
the absorbed dose rate into annual effective dose:
AED ¼ DðoutÞ  TOF CC (A)
where D(out) is outdoor absorbed dose rate; T is time in hour for
one year (8760 h); OF is the Occupancy Factor of 0.2 for the
outdoor exposure and CC is the Conversion Coefficient, which
is 0.7 Sv Gy1
Excess Lifetime Cancer Risk was calculated by using the
following equation.
ELCR ¼ AEDDL RF (B)
where DL is duration of life (65.8 year) (http://en.worldstat.
info/Asia/India) and RF is risk factor (Sv1), it is fatal cancer
risk per Sievert. For stochastic effects from low doseTable 2 e Absorbed dose rate (nSv.h¡1), AED (mSv.y¡1) and Ex
Location River Absorbed dose rate (nSv.h1) An
Nandprayag Alkananda 144.00 ± 5.77
Karnprayag Alkananda 105.60 ± 5.31
Rudraprayag Alkananda 105.90 ± 3.48
Devprayag Alkananda 101.35 ± 3.42
Rishikesh Ganges 81.33 ± 2.34
Haridwar Ganges 100.33 ± 11.17
Narora Ganges 85.83 ± 9.62
Allahabad Ganges 82.30 ± 7.31background radiation, ICRP 103 suggested the value of 0.057
for the public exposure (ICRP, 2007).3. Results and discussion
The average absorbed dose rates from outdoor terrestrial g
radiation at all the designated locations from Nandaprayag to
Allahabad are given in Table 2. The values were found in the
range of 81.33 ± 2.34 nSv h1 to 144 ± 5.77 nSv h1 with an
average of 100.83 nSv h1. AED was calculated from the
absorbed dose rates and the obtained values are given in Table
2. As can be seen, calculated AED values were found in the
range of 0.10 ± 0.012 mSv y1 to 0.18 ± 0.007 mSv y1 with a
mean annual effective dose of 0.123 mSv y1.
It can be seen in Fig. 2 that the calculated AED values were
found somewhat higher than the world average of
0.07 mSv y1 (UNSCEAR, 2000). The terrestrial radionuclides
present in the parental rocksmay be themain contributors for
the observed slightly higher background radiation level in this
geological area. It has been reported earlier that Gangetic al-
luvial regions covering parts of states of Uttar Pradesh, Bihar
and West Bengal have higher natural radioactivity (Sankaran,
Jayasawal, Nambi, & Sunta, 1986). Research results from our
laboratory have found slightly higher concentration of ura-
nium in river water than the average concentration found in
other rivers (Meher, Sharma, Kumar, Gautam, &Mishra, 2014)
The values reported in this study were higher than the expo-
sure doses near some other rivers of India, namely; River Kali,
Sharavathi and Netravathi i.e. 44 nGy h1, 35 nGy h1 and
57 nGy h1 respectively in South west coast of Karnatakacess Lifetime Cancer Risk at designated locations.
nual effective dose (mSv.y1) Excess lifetime cancer risk
0.18 ± 0.007 0.662  103
0.13 ± 0.007 0.486  103
0.13 ± 0.004 0.488  103
0.12 ± 0.004 0.450  103
0.10 ± 0.003 0.375  103
0.12 ± 0.014 0.450  103
0.11 ± 0.012 0.413  103
0.10 ± 0.012 0.375  103
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other rivers of world have the similar range of values i.e. Chao
Phrya river basin in Thailand has exposure of 104.6 mSv y1
(Santawamaitre et al., 2011).
Considering spatial variation, changes were noted among
the values at different locations. Moreover, a decreasing trend
of annual effective dose was found downstream in our study.
For example, at Nandaprayag, a maximum annual effective
dose (0.18 ± 0.007 mSv y1) was found which was somewhat
higher than the world average value. The average AED values
on the bank of Alaknandawas found to be 0.14mSv y1. It is to
be noted that our measured values are in agreement with the
values reported in another study which found higher total
gamma activity in the sediment of upper stretch of Alaknanda
(Marco Kaltofen, 2009). It is further observed from our studies
that at the bank of river in plain areas the radiation exposure
doses were comparatively lower than in the hilly areas sug-
gesting probably a significant contribution from the parental
rocks from high altitude.
To assess the radiological risk, lifetime cancer risks were
calculated from the AED values (Table 2) and it was found to
vary from 0.375  103 to 0.662  103 with an average of
0.514  103. Notably, these values are higher than the world
average ELCR of 0.29 103 (Taskin et al., 2009) which requires
further studies for confirmation.
Even though, the present measured values of terrestrial g
radiation and calculated ELCR at the designated locations are
somewhat higher than theworld average but all the values are
well below the background radiation level (2.4 mSv y1).
Therefore, it is suggestive that the level of radiationmeasured
at these locationsmay not pose health hazard. In this context,
it needs to be noted that a number of researchers have pro-
posed the exposures from low dose radiation might be bene-
ficial for human health (Cuttler, 2013) and act as a stimulant to
accelerate DNA damage repair, reduction of genetic instability
and enhance immune responses leading to cyto protection
from low radiation (Feinendegen, 2003; Feinendegen,
Pollycove, & Neumann, 2012; Pandey, Sarma, Shukla, &
Mishra, 2006).
Low doses of radiation (<100 mSv) (BEIR VII; Morgan et al.,
2013) have been reported as the curative of many types of
diseases like tumor growth prevention (Mishra, Ahmed,&Hill,
2008; Murphy & Morton, 1915), quick healing of wound,
reduction in inflammation of lymph glands, relief in arthritis
(Calabrese, 2013; Calabrese & Calabrese, 2013; Roedel et al.,
2012) and remedy for various infections (Calabrese &
Dhawan, 2012).
As epidemiological surveys or general observations do not
suggest any kind of radiation induced harmful effects on the
health of dwellers or frequently visiting pilgrims in the stud-
ied river bank areas, we are inclined to speculate that the
measured levels of low dose radiation may not cause any
adverse health effects to visiting people and inhabited pop-
ulations. It appears possible to link beneficial health effects
which may have bearing to age old belief of many people of
India and neighboring countries for visiting rivers Ganges and
Alaknanda to perform rituals and bathing with intent of
curing many diseases and perhaps positive health effects. No
doubt, extensive deeper research is needed to reinforce the
proposition of low level of environmental radiation producingbeneficial health effects, it seems worth exploring further and
conducting epidemiological surveys of these locations for
establishing the long held belief of positive health effects by a
sizable segment of Indian population.4. Conclusion
Present study has measured the terrestrial g radiation dose
rate along the downstream banks of Alaknanda and Ganges
rivers of India. From these values, AED was calculated by
standard procedure for assessing ELCR of the population
either living in proximity or visiting these rivers for rituals. It
was found that upper stretch of Ganges and its tributary
Alaknanada along hilly regions showed slightly higher natural
terrestrial radioactivity but well below background radiation.
It is speculated that low level of radiation at the banks of these
rivers may produce beneficial health effects. These results
may form the baseline data but warrant further epidemio-
logical studies to evaluate possible health effects on the
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